Technological advances in manipulation of mammalian embryos outside the maternal environment have resulted in opportunities for study of preimplantation embryo development, identification of developmental phenomena that are unique to mammals, and further improvement of technology. Mammalian embryos may be cultured in vitro at 37 C for up to several days or they may be stored at -196 C indefinitely. The mammalian embryo possesses the unique capacity to regulate its development and differentiate into a normal individual after being stimulated to incorporate foreign cells or after a portion of its cells are removed. This regulatory ability has proven useful in research dealing with the production of chimeras. It allows genetic copies of an embryo to be produced by dissociation of an early cleavage-stage embryo into its component blastomeres or by bisection of a morula. Production of large sets of identical animals may be possible in the future by serial transplantation of nuclei from one embryo into enucleated ova. Progress has been made in producing unique genetic combinations by manipulation of the pronuclei of fertilized ova. It is also possible in some cases to identify the sex of a living cleavage-stage embryo. Some of these manipulations have been carried out primarily in laboratory mice, but as animal scientists identify beneficial uses in farm animals, these procedures are being extended to embryos of the large domestic species.
Introduction

Because of difficulty with manipulation of
The assistance of Susan Donahue, Mary Horton, Suzanne Jones and Shelle Winkler in preparation of this manuscript is gratefully acknowledged. l Dept. of Anim. Sci. 2 mammalian embryos in the laboratory, less is known about early development of mammals than of invertebrates and nonmammalian vertebrates. Research contributing to the understanding of requirements for viability of mammalian embryos outside the maternal environment has enabled progress to be made in manipulation of mammalian embryos. Laboratory mice have been the most commonly used animal in studies of mammalian embryo development, but establishment of the commercial embryo transfer industry has provided the impetus for extending studies of embryo development to large domestic animals and to primates. In keeping with the purpose of this symposium, I will present an overview of procedures dealing with manipulation of mammalian embryos and describe potential applications of these procedures to large animal production. The areas covered include storage in vitro, identification of sex, manipulations that exploit unique abilities of mammalian embryos to regulate their development, and surgical procedures that may be applied to embryos. Exciting new developments in maturation of oocytes in vitro, fertilization in vitro and gene transfer are covered elsewhere in this symposium.
Storage of Embryos
Removal of embryos from the reproductive tract requires conditions that maintain viability, or the ability of the embryo to develop normally when transferred to the female tract. Optimum conditions for maintenance of embryo viability depend on a number of factors. One of the more important of these is the duration of storage. Storage for only a few hours may require different conditions than storage for several days. For example, phosphate buffered saline (PBS) supplemented with serum is commonly used to store bovine embryos during the time between collection from a donor and transfer to recipients. Often, because of the stability of this medium, embryos are held at ambient temperature and with no special control of the gaseous atmosphere. While use of PBS yields acceptable results when embryos are held for short periods (i.e., less than 1 d), support of continued development for longer periods requires different culture media and stricter control of the conditions under which the embryos are incubated. Transfer of embryos to the reproductive tract of heterologous species may also provide adequate short-term storage and continued development. If it is desired that embryos be held for several days at a specific stage of development, they may be refrigerated. This method requires a medium different than that used for either storage for several hours or for culture at body temperature. Long-term storage at -196 C requires yet another set of conditions. No system has yet been devised for maintaining embryos of farm animals at body temperature with development arrested, as can be accomplished in those mammals where delayed implantation may be induced or may occur spontaneously (e.g., mouse and rat).
Storage at Body Temperature. Embryos may be stored by transfer to the reproductive tract of another female, which serves as an incubator in which development may continue. The host female and embryo may be of either the same or different species. In some cases it is desirable that the transfer be made to a female of the same species, especially if some criticial developmental process is to occur. For example, bovine oocytes that are removed from their follicles and complete meiosis I in vitro may be transferred to the oviducts of previously inseminated heifers, where they are fertilized and begin early development (Newcomb et al., 1978 Interest is particularly strong in improving the success rate and practicality of freezing bovine embryos. Embryos may be frozen in plastic straws used for nonsurgical embryo transfer. Because cryoprotectant must be diluted from the embryo after thawing, the embryo must be removed, moved through a series of diluents and then replaced in a straw for nonsurgical transfer. Efforts are being made to devise a successful means of diluting the cryoprotectant without removing the embryo from the freezing straw (Renard et al, 1982 (Renard et al, , 1983 ). In some trials in which this procedure was used, pregnancy rates approached those for other dilution procedures. Another simplification of the freeze-thaw procedure being tested is freezing embryos in plastic straws by a modified two-step process (Bouyssou and Chupin, 1982; Massip et al., 1982) . Problems that still exist include the loss of embryos during the freezethaw process, accuracy in determining embryo survival after freezing and thawing, and assessment of the role of embryo quality in the survival of frozen embryos (Kennedy et al., 1983) .
Identification of Sex of Preimplantation Embryos
One of the uncertainties associated with using embryo transfer procedures in farm animals is the sex of the resulting offspring. This is of particular concern when the economic value of one sex is greater than that of the other, as may be the case with both beef and dairy cattle. A reliable test is needed for sexing embryos without reducing viability. Currently, no consistently successful method exists, but identification of sex chromosomes and immunological detection of a male-specific antigen are each useful under some conditions. (Stewart, 1982) . Not only are normal chimeric mice produced that show no signs of malignancy, but germ cells may be derived from the teratocarcinoma line, producing normal offspring whose genetic mother was a tumor cell.
Interspecific chimeras have proven useful for studying differentiation in the early embryo, because the chromosomes of each species uni-quely mark each cell. Interspecific chimeras are also useful for studying hybridization of species. Chimeras between two species of mice may be chimeric in their germ cell populations and produce hybrid offspring when mated to one of the two parental types (Rossant et al.,  1982) . It has been concluded from this observation that failure of a hybrid fetus to develop to term in a cross of two species may be due to immunological incompatibility between the mother and fetus.
Production of Sets of Identical
Offspring, In addition to the mammalian embryo's unique ability to incorporate foreign cells, the embryo may also continue normal development when a portion is destroyed or removed. This discovery has been utilized in studying retention of totipotency by individual blastomeres or groups of embryonic cells. The ability of a complete mammalian embryo to develop from a fraction of its original cells has recently been applied to producing multiplets from a single embryo. Two approaches to producing multiplets are bisection of a morula into halves or quarters and separation of an early cleavage-embryo into its component blastomeres.
The technology for bisection of morulae to produce monozygotic twins is developing rapidly. This procedure is finding immediate application in the commercial bovine embryo transfer industry where twins are produced from particularly valuable embryos may be desirable. Pregnancy rates after nonsurgical transfer of half-embryos approximate those with whole embryos and the technique may be used to simply increase the number of calves produced from embryo of a superovulated donor cow (Ozil et al., 1982 , 1982) . In some of these reports, embryos appeared to be morphologically normal after freezing and thawing, but failed to develop after transfer; in others viable offspring were produced. The applications of combining these techniques are many and as yet not thoroughly exploited. If the number of identical blastocysts from a single embryo can be increased, it may be possible to transfer some immediately and freeze the rest for long-term storage. After performance or progeny testing, decisions can be made regarding the desirability of producing young from the embryos in storage. Freezing identical embryos also allows the birth of genetically identical young into different environments and at different times. A female may even serve as recipient of an embryo that is her identical sibling.
Genetically identical animals are useful as research animals. If multiplets are assigned to various treatments of an experiment, individual variation will be reduced and treatment effects more accurately measured. Production of genetically identical animals has stimulated interest in research concerning phenotypic differences in such individuals. It is known that genetically identical individuals are not exact phenotypic copies of one another. Expression of certain traits (e.g., some coat-color spotting patterns) is not solely controlled by genotype. Two genetically identical animals may show slight variations in spotting patterns. It is not known at this time how many production traits (e.g., milk production, growth rate, fertility) are affected in a similar fashion. The corollary is that offspring that are genetically identical may, for some traits, be more similar to one another than can be accounted for by genetics alone. Gartner and Baunack (1981) reported that monozygotic twins produced from highly inbred mice were more similar to one another for certain traits than could be accounted for by residual heterozygosity in the line. They suggested this may have been due to nongenetic influences that occur as early as the third cleavage division. These interesting questions may be studied now that production of sets of genetically identical individuals is feasible.
Other Micromanipulation Procedures
The removal and transplantation of pronuclei from zygotes and nuclei from embryos provide new approaches to studying development and may have applications to animal agriculture. Amphibian nuclear transplantation has been performed for a number of years (Gurdon, 1974; McKinnell, 1981; Etkin, 1982) . The usefulness of this technique in amphibia is related only indirectly to principles of animal breeding; it has been used primarily to study the ability of nuclei from more or less differentiated tissue to support normal development when transplanted into an activated egg. Illmensee and Hoppe (1981) reported the first successful nuclear transplantations in mammals that resulted in the birth of viable young. In this research, nuclei were transplanted from ICM into activated zygotes whose pronuclei had been removed. These same researchers (Hoppe and Illmensee, 1982) also reported full-term development of mice after transplantation of parthenogenetic embryonic nuclei into fertilized eggs. Neither of these accomplishments has been duplicated by other researchers, which may reflect the skill required to successfully perform nuclear transplantation in mammals. Another technique using microsurgery and virus-mediated cell fusion for transplantation of pronuclei into mammalian zygotes has recently been described (McGrath and Solter, 1983 ). This technique offers exciting possibilities for measuring the effects of cytoplasmic inheritance by allowing exchange of pronuclei between zygotes. Nucleo-cytoplasmic interactions have been studied in the past by virus-mediated cell fusion between oocytes and other embryonic or differentiated cells (Soupart et al., 1978; Tarkowski, 1982) . It has been demonstrated by transfer of cytoplasm between embryos that the genetic origin of the cytoplasm can have profound effects on preimplantation development (Muggleton-Harris et al., 1982) .
Removal of pronuclei from developing mam-malian zygotes has also been reported as a means of producing completely homozygous offspring (Markert and Petters, 1977; Hoppe and Illmensee, 1977) . This was accomplished in mice by microsurgically removing one pronucleus, either male or female, from a fertilized egg. The activated, haploid egg could be diploidized by incubation in cytochalasin B and cultured to the blastocyst stage in vitro. Development to term after transfer at the blastocyst stage to the reproductive tract of a recipient female was reported by Hoppe and Illmensee (1977) . This procedure may be useful for rapidly producing highly inbred strains of animals. It may be more difficult to accomplish in livestock because of greater difficulty in visualizing the pronuclei. Another complication is the existence in livestock of undesirable recessive genes, which have been eliminated from many inbred strains of laboratory species. One intriguing aspect of this procedure is that either pronucleus is able to support subsequent development. It would seem possible then to remove one pronucleus and replace it with another pronucleus from the same sex, thereby producing offspring with two male or two female parents rather than one of each. Because of our ability to assess genetic superiority more accurately in the male, it may be particularly useful in animal agriculture to produce offspring from two males. For example, the use in artificial insemination of semen from a bull produced from two of the top proven dairy sires may increase the rate of genetic gain.
Conclusion
The livestock and dairy industries can benefit from adopting new technologies arising from research with early embryos. A good example is the Widespread use of embryo transfer in farm animals, which in turn has stimulated efforts to refine techniques for manipulating embryos and to expand technologies for future applications. The degree to which the newer biotechnology discussed in this review will contribute to animal agriculture is speculative at this time. One certainty is that any benefits derived from this new technology will depend upon animal scientists' familiarity with basic studies, their abilities to recognize potential applications and their ingenuity in modifying appropriate techniques for use in farm animals.
